Potential of Jatropha Curcas Derived Biodiesel for Rice Farmers in Thailand  by Ayudhaya, Narumon Ladawan Na & Garivait, Savitri
 Energy Procedia  9 ( 2011 )  252 – 263 
Available online at www.sciencedirect.com
1876-6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of CEO of Sustainable Energy System, Rajamangala 
University of Technology Thanyaburi (RMUTT).
doi: 10.1016/j.egypro.2011.09.027 
9th Eco-Energy and Materials Science and Engineering Symposium 
Potential of Jatropha Curcas Derived Biodiesel  
for Rice Farmers in Thailand 
Narumon Ladawan Na Ayudhaya a, b, Savitri Garivait a*, b  
aThe Joint Graduate School of Energy and Environment, King Mongkut’s University of Technology Thonburi, Bangkok, Thailand, 
bCenter on Energy Technology and Environment, S&T Postgraduate Education and Development Office, Ministry of Education, 
Bangkok 10140, Thailand  
 
Abstract 
This study aims at investigating the Jatropha Curcas cultivation areas that would support rice farmers’ community 
production of biodiesel. A questionnaire survey was developed to evaluate the use of biodiesel by rice farmers, and 
the potential of these farmers to supply the production of biodiesel from their own Jatropha Curcas cultivation. In 
this study, 40 areas in 20 provinces in Thailand were selected, and divided into 3 groups: small size (S), medium size 
(M), and large size (L), with total average area of 425 hectares, 742 hectares, and 1,241 hectares, respectively. The 
results showed that the direct consumption by farmers in tillage, water management, and transportation was 56.31-
59.25 liters/hectare/year, while the harvesting which is generally performed by outsourced labors used 59.31-
64.69 liters/hectare/year. The estimation of the demand indicated that the direct consumption of diesel was 25,046, 
41,814, and 73,276 liters/community/year for S, M and L groups, respectively, corresponding to a demand of 
biodiesel of 27,794, 46,404, and 81,319 liters/community/year. This led to an average number of Jatropha Curcas 
trees to cultivate in order to meet the demand of 54,021-99,849, 90,060-160,118, and 163,634-
349,394 trees/community for S, M and L groups, respectively. Additionally, the results from the survey pointed out 3 
types of areas available for Jatropha Curcas plantation in the rice farmers’ communities:  abandoned lands, paddy 
fields boundary, and plot boundary. The total of available areas is 2.72-6.88 hectares and 175-294 km for S group, 
2.24-8.80 hectares and 242-743 km for M group, and 2.40-2.88 hectares and 397-759 km for L group. By using 
effectively all areas of abandoned land and rice field boundary, and some part of rice plots boundary, the farmers in 
S, M and L groups could meet 69.73%, 68.30%, and 93.41% of their need in biodiesel, respectively. 
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1. Introduction 
Petroleum constitutes one of the most important "primary energy" sources, especially for fuel oil 
production for transportation and industrial usage. At present, energy consumption levels are continuously 
increasing, leading to a global energy crisis. In the case of Thailand, the average consumption rate of 
diesel oil is augmenting by approximately 4.5% per year. Therefore, there is an urgent need for 
alternatives, among others are bio-fuels including bio-ethanol and biodiesel for transportation, industry 
and agriculture. 
Biodiesel is generally produced from vegetable oils or animal fats by catalytically reaction with a short 
chain aliphatic alcohol, such as methanol, or ethanol, through a process known as trans-esterification. It 
has practically similar properties as diesel oil, and can be used in diesel engines. 
Thai government has promoted community-scale biodiesel production units using used-cooking oil as 
feedstock for biodiesel production, however, the amount of available raw material remains very limited. 
Therefore, additional vegetable oil which would not compete with food oil is highly required. In this 
regard, Jatropha Curcas cultivation has been developed as a feedstock for biodiesel. Some initiatives 
were set up for commercial scale production by contract farming. However, there is scarce information for 
small scale production, such as for farmers’ communities. 
Actually, Jatropha Curcas can be easily cultivated under climatic conditions of Thailand, and most of 
Thai farmers have already planted some Jatropha Curcas trees to serve as pesticide. Some households 
grow them around their property as a fence in order to keep out animals and provide shade. In addition, 
Thai elders traditionally use the plant as a medical herb for both humans and livestock. For example, its 
latex is used to treat wounds in the mouth of a child. Its seed also contains high energy. Seed oil is 
renewable, non-edible and environmentally friendly and can be processed for energy purposes. 
On the other hand, rice is the top economic crop of Thailand, with a planted area of approximately 50% of the 
total national cropland area. Rice cultivation or farming practice involves the use of diesel oil as fuel. 
In this study, we propose to investigate the potential of Jatropha Curcas cultivation in Thailand to 
support rice farmers’ community scale production of biodiesel. The focused group of farmers is composed 
of those participating to the “rice community” project supported by the Rice Department, Ministry of 
Agriculture and Cooperatives. This project aims at producing quality seeds according to regular standards 
for distribution to other farmers of the country, and 846 rice communities have been set up for project in 
2008. The demand-supply was analyzed using a questionnaire survey of the sampled farmers. The results 
are discussed especially in terms of size of the community and associated capacity to meet its demand in 
biodiesel. 
2. Material and Methods 
The research methodology applied to the study was based on the evaluation of data on the demand for 
biodiesel by the rice farming process, and on the supply capacity, collected using a questionnaire survey. 
The analysis of the demand-supply was supported by a development of models for Jatropha Curcas 
cultivation that would meet the scale and the capacity of the community. 
2.1. Data Collection Using Survey Questionnaire 
2.1.1. Sampling and Sampling Method 
The population of this study is composed of 846 communities of the project covering 61 provinces of 
Thailand. Stratified random sampling method was applied to group the population components into 
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relatively homogeneous subgroups before sampling. Then, random or systematic sampling was used 
within each stratum. The size of sampling for each stratum was calculated by weight mean. In this 
method, each component has an equal chance of being selected. 
2.1.2. Determination of Minimum Number of Sample Size 
To determine the minimum number of sample in order to minimize time and cost of sampling, while 
keeping the sample representativeness of the population, the randomizing method is used. The minimum 
number of sample can be calculated by using Equation (1) and Equation (2). 
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Where:  ni = the minimum number of sample size 
  V2 = the variance (0.5) 
  Ni = number of groups 
  Z = confidence value at 95% (1.96) 
  d = error value (0.5) 
The obtained sample size for this study is 40, which are then distributed to each region as defined by 
the Ministry of Agriculture and Cooperatives for the rice cultivation cooperatives project. The number of 
samples in each region is shown in Table 1. 
Table 1. Number of Provinces and Samples for Each Region. 
Region 
No. of Province 
(province) 
No. of Sample  
from Eq.1 
(province) 
No. of Sample  
from Eq.2 
(community) 
North 15 5 10 
South 8 2 4 
Central 14 5 10 
East 5 2 4 
North-east 19 6 12 
Total 61 20 40 
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2.1.3. Questionnaire 
A questionnaire is used as the instrument to assess the amount of biodiesel required for rice farming 
process of rice communities, and the potential of these farmers to cultivate Jatropha Curcas for 
conversion into biodiesel or for substitution of diesel. The 3 parts of the questionnaire are as follows. 
Part 1: General information of the community and its rice cultivation characteristics. 
Part 2: Diesel consumption for rice farming process/machinery. 
Part 3: Potential of Jatropha Curcas cultivation for biodiesel production. 
2.1.4. Data Collection 
This study used direct interview for data collection, since it enables the interviewer to explain the 
questions in the questionnaire directly to the interviewee. Data collection was conducted by random 
sampling for each region. 
The 40 communities were sampled in 20 provinces selected from the Rice Department’s project. The 
sampling was conducted in the provinces grouped in region as follows. 
North : 10 samples from Chiangmai, Chiangrai, Pitsanulok, Nakhornsawan, and Kanphaengpetch. 
South : 4 samples from Chumphon and Songkhla. 
East : 4 samples from Chonburi, Prachinburi. 
Central : 10 samples from Chainat, Lopburi, Phetchaburi, Kanchanaburi, and Suphanburi. 
Northeast : 12 samples from Buriram, Khonkaen, Roiet, Ubonratchathani, Udonthani, and 
Nakhonratchasima. 
2.1.5. Data Analysis 
In this study, statistical methods to evaluate the representativeness of the sampled communities for the 
case of the whole country were used for data analysis. 
2.1.6. Reference Data on Jatropha Curcas Yield for Biodiesel Production 
As the data from questionnaire survey should be complemented to reference data in order to assess the 
potential of rice farmers of each community in Jatropha Curcas cultivation for biodiesel production. The 
reference data used in this study were reviewed from reports of Department of Agriculture Extension and 
Department of Agriculture, which showed that there are 2 possible models of plantation: (1) cultivation 
without management and (2) intensive-care cultivation. These reference data are summarized in Table 2. 
Table 2. Models of Jatropha Curcas Cultivation. 
Model 
Jatropha Seed 
(kg seed/tree) 
Jatropha Oil 
(liter/tree)*** 
Jatropha Biodiesel Oil 
(liter/tree)**** 
Non-management plantation 1.52* 0.38 0.37 
Intensive care (irrigation, 
fertilizer, pruning, etc.) 
6.00** 1.50 1.47 
* DOAE    ** DOA   *** 4 kg seed = 1 liter of JC oil 
**** 100 liter JC oil             98 liter of Biodiesel 
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3. Result and Discussion 
3.1.1. Rice Farmers’  Community Characteristics 
The rice farmers’ communities of this study are located in irrigated areas, and consequently they can 
plant rice 2 times per year. The first crop is rainfed, while the second uses water supplied by the irrigation 
system. The communities were classified into 3 main groups by the size of paddy field. Group 1 including 
from 320 to 640 hectares of paddy field is called “Group of Small properties” or “S” group; Group 2 
including more than 640 to 960 hectares is called “Group of  Medium size properties” or “M” group; and 
Group 3 incorporate more than 960.16 – 1,280 hectare is called “Group of Large properties” or “L” group. 
The average cultivation area of each group is 425 hectares, 742 hectares, and 1,241 hectares, 
respectively, while the average rice yields of the 3 groups are similar. The first crop provides 3,600 – 
3,650 kg/hectare, and the yield of the second crop can increase by about 40%, leading to a productivity of 
4,994 – 5,144 kg/hectare. The detailed rice farmers’ community characteristics are shown in Table 3. 
Table 3. Rice Farmers Community Characteristics. 
Group 
Rice 
Cultivation 
Area Size 
(hectare) 
No. of 
Samples 
(Community) 
Average no. 
of Farmer 
(Person) 
Average 
Cultivation 
Area 
(hectare) 
Average Yield 
(kg/hectare) 
1st 
Crop 
2nd 
Crop 
1. Small (S) 320 - 640 11 
20 – 69 
(47) 
425 3,600 4,994 
2.Medium (M) 640.1 - 960 16 
30 – 73 
(50) 
742 3,644 5,088 
3. Large (L) 960.1 - 1,280 13 
25 – 75 
(47) 
1,241 3,650 5,144 
The number in parentheses is the average value of each group 
 
3.1.2. Diesel Consumption for Agricultural Processes in Rice Communities 
The rice farming processes consuming diesel fuel for operating the machinery include tillage, water 
management, transportation of products, and harvesting (Table 4). As the harvesting is conducted by 
external labors hired or outsourced on purpose, the diesel consumed for this operation is named “indirect 
consumption”. The other activities are accomplished by the farmers of the community, and the used fuel is 
accounted as “direct consumption”. 
Table 4. Machines Used in Rice Farming Processes. 
Rice Farming Process 
Utilization of Machine 
Direct Consumption Indirect Consumption 
1. Tillage 1.1 Pedestrian 
1.2 Tractor 
- 
2. Water management 2.1 Water pump - 
3. Transportation 3.1 Farm truck - 
4. Harvesting - 4.1 Combiner 
4.2 Thresher 
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3.1.3. Diesel Consumption for Rice Cultivation 
The results from the questionnaire survey indicated that the average diesel consumption for the first 
crop is 51.88 – 55.06 liters/hectare/crop, and for the second crop about 64.63 – 68.88 liters/hectare/crop. 
The consumption for the second crop cultivation is approximately 25% more than for the first one, while 
the yield of the second crop is about 40% higher. This results in an annual average value of 116.50 – 
123.88 liters/hectare/year. Details of the results are shown in Table 5. 
Table 5. Annual Diesel Consumption for Rice Cultivation. 
Group 
Area Size 
(hectare) 
Diesel Consumption  
1st Crop Rice 
Cultivation 
(liter/hectare/crop) 
2nd Crop Rice 
Cultivation 
(liter/hectare/crop) 
Direct 
Consumption  
(liter/hectare /year) 
Indirect 
Consumption 
(liter/hectare /year) 
Total 
(liter/hectare 
/year) 
S 320 - 640 46.88-58.56 
(52.50) 
53.81-77.63 
(65.63) 
49.81-68.50 
(58.63) 
52.00-67.44 
( 59.31) 
104.19-130.88 
(117.94) 
M 640.1 - 960 46.25-55.69 
(51.88) 
54.19-79.50 
(64.38) 
47.25-64.06 
(56.31) 
53.06-71.31 
(60.19) 
101.69-135.38 
(116.50) 
L 960.1 - 1,280 
48.88-86.63 
(55.06) 
59.19-115.06 
(68.75) 
49.06-91.63 
(59.25) 
56.56-110.06 
(64.69) 
107.88-201.69 
(123.88) 
The number in parentheses is the average value of each group 
 
The diesel consumption of rice farming processes corresponds to the total of diesel consumption for the 
first and second crop, as well as the total of direct consumption and indirect consumption. For S, M, and L 
group, the diesel consumptions are 117.94 liters/hectare/year, 116.50 liters/hectare/year, and 
123.88 liters/hectare/year, respectively. The direct consumption represents about 56.31 - 59.25 
liters/hectare/year, and the indirect one about 59.31 – 64.69 liters/hectare/year. The proportion of direct 
consumption to indirect consumption is about 49 : 51, pointing out that the farming process requiring the 
most of fuel is the harvesting. 
3.1.4. Demand of Biodiesel by the Rice Farmers Community 
The demand of biodiesel by the community can be estimated based on the direct diesel consumption, 
because the activity of indirect consumption is conducted by outsourced labors. The estimation of diesel 
demand can be calculated by multiplying the direct consumption by the rice cultivated area of each group. 
This results in 18,139 – 33,527 liters/community/year; 30,240 – 53,763 liters/community/year; and 54,944 
– 117,317 liters/community/year for S, M, and L group, respectively. To convert from diesel consumption 
to biodiesel consumption, the calorific value of diesel and biodiesel to provide the same work was used. 
The calorific value of diesel is 36.4 MJ/liter, while that of biodiesel from Jatropha Curcas is 
32.8 MJ/liter. Therefore, the demand of biodiesel consumption for rice farming process in S, M, and L 
groups are adjusted to 20,130 - 37,206 liters/community/year, 33,559 - 59,664 liters/community/year, and 
60,974 - 130,193 liters/community/year, respectively. Details of the results are displayed in Table 6. 
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Table 6. Biodiesel Demand by Rice Farmers Community. 
Group 
Area size 
(hectare) 
Demand of Diesel 
(L/community/year) 
Calorific Value 
(MJ/community/year) 
Demand of JC Biodiesel 
(L/community /year) 
S 320 - 640 18,139 - 33,527 
(25,046) 
660,250 - 1,220,368 
(911,659) 
20,130 - 37,206 
(27,794) 
M 640.1 - 960 30,240 - 53,763 
(41,814) 
1,100,728 - 1,956,976 
(1,522,042) 
33,559 - 59,664 
(46,404) 
L 960.1 - 1,280 54,944 - 117,317 
(73,276) 
1,999,946 - 4,270,316 
(2,667,254) 
60,974 - 130,193 
(81,319) 
The number in parentheses is the average value of each group 
3.1.5. Potential of Jatropha Curcas Cultivation for Biodiesel Production 
The demand of biodiesel consumption can be converted to the number of Jatropha Curcas trees for 
planting, using the ratio of Biodiesel to Jatropha Curcas Oil, which is of 98 : 100; and the conversion 
factor of 1 liter of Jatropha Curcas Oil is resulted from fruits of 2.63 trees cultivated following a non-
management model. 
This results in a number of Jatropha Curcas trees based on non-management model required for 
meeting the demand of 54,021 - 99,850 trees/community, 90,061 - 160,118 trees/community, and 163,634 
- 349,394  trees/community for S, M, and L groups, respectively, as shown in Table 7. 
Table 7. Number of Jatropha Curcas Trees Required for Meeting the Diesel Demand of the Community. 
Group 
Area size 
(hectare) 
Biodiesel Consumption 
(liter/community/year) 
JC Oil 
(liter/community/year) 
Number   
of JC Trees to Meet the 
Demand 
 
(tree/community) 
S 320 - 640 20,130 - 37,206 (27,794)  
20,540 - 37,966 
(28,362) 
54,021 - 99,849 
(74,591) 
M 640.1 - 960 33,559 - 59,664 (46,404)  
34,244 - 60,882 
(47,351) 
90,060 - 160,118 
(124,532) 
L 960.1 - 1,280 60,974 - 130,193 (81,319)  
62,218 - 132,850 
(82,978) 
163,634 - 349,394 
(218,233) 
The number in parentheses is the average value of each group 
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3.1.6. Available Area for Jatropha Curcas Plantation 
The questionnaire survey results showed that 3 types of lands are available for Jatropha Curcas 
plantation at the community farms: abandoned land, rice field boundary, and rice plot boundary, which are 
defined as follows. 
1) Abandoned land: it is composed of unused area in the household area and/or in the community area 
(waste area).  
2) Rice field boundary: it is a distance which can be estimated from the rice field areas quantified from 
the questionnaire survey with assumption that the rice field is square-shaped. 
3) Rice plot boundary: it is a subset of rice farm boundary, can be estimate from the field boundary and 
the number of plots per community obtained from the questionnaire survey by assuming that the plot is 
also of square-shape. 
A schematic diagram of rice field and plot boundaries is shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic Diagram of Rice Field Boundary and Rice Plot Boundary 
From the results, the total available area for cultivating Jatropha Curcas are 2.72 – 6.88 hectare  and 
175 - 294 km for S group; 2.24 – 8.80 hectare and 242 - 743 km for M group; and 2.40 – 2.88 hectare  and 
397 - 759 km for L group. The numbers of Jatropha Curcas trees that can be cultivated in the available 
areas are summarized in Table 8. 
Table 8. Number of Jatropha Curcas Trees Cultivable in the Available Lands. 
Group 
Area size 
(hectare) 
Available Area 
(Abandoned Land) 
 Available Distance 
(Rice Field Boundary + Rice Plot 
Boundary) 
No. of JC for  
available area 
(tree) (hectare/ 
community) 
(tree/ 
community) 
 (km/ 
community) 
(tree/ 
community) 
S 320–640 2.72-6.88 
(4.53) 
3,026-7,565 
(5,042) 
 
175-294 
(223) 
54,578-98,007 
(74,277) 
61,270-102,101 
(79,319) 
M 640.1 - 960 2.24-8.80 
(4.90) 
2,403-9,745 
(5,455) 
 
242-743 
(394) 
80,665-247,754 
(131,361) 
85,115-253,984 
(136,816) 
L 960.1 - 1,280 2.40-2.88 
(5.34) 
2,670-10,279 
(5,945) 
 
397-759 
(584) 
132,212-254,090 
(194,636) 
137,107-264,370 
(200,582) 
The number in parentheses is the average value of each group 
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3.1.7. Potential of Jatropha Curcas cultivation in meeting the demand 
Comparing the demand in diesel and the potential of the rice farmers in cultivating Jatropha Curcas on 
the available lands of the communities, it was found that the S and M groups have enough available lands 
to meet the demand, but not the L group. The potential of each group of communities, i.e. S, M and L 
groups, is reported in Table 9. 
Table 9. Potential of Jatropha Curcas Cultivation by Rice Farmers Communities. 
Group 
Area Size 
(hectare) 
Number of Jatropha Curcas Trees 
Potential  
in %* Number Required 
to Meet the Demand 
Number to Be Planted on 
Available Lands 
S 320.1 - 640 54,021 - 99,849 (74,591) 
61,270 - 102,101 
(79,319) 
+13.41% - +22.55% 
(+6.34%) 
M 640.1 - 960 90,060 - 160,118 (124,532) 
85,115 - 253,984 
(136,816) 
-5.49% - +58.62% 
(+9.86%) 
L 960.1– 1,280 163,634 - 349,394 (218,232) 
137,107 - 264,370 
(200,582) 
-16.21% --24.33% 
(-08.08%) 
The number in parentheses is the average value of each group 
*“+” means the community has enough lands; 
“-” means the community doesn’t have enough lands, and so has no-potential..  
3.1.8.  Development of Jatropha Curcas Cultivation Models to Support Community Scale Biodiesel 
Production 
To develop Jatropha Curcas cultivation models to support community scale biodiesel production, we 
selected available lands by prioritizing the suitability of available lands for cultivation as follows: (1) 
Abandoned land, (2) Rice field boundary, and (3) Rice plot boundary. 
Cultivation models are then developed to suit the demand of each community, based on the following 
requirements: (1) the Jatropha Curcas tree should be planted in the available lands with a spacing of 
3 meter between consecutive trees; (2) all available abandoned lands (100%) and all rice field boundaries 
(100%) should be used with some parts of rice plot boundaries. Details of plot boundary lengths to be 
utilized are estimated and reported in Table 10. It should be noted that 2 cultivation models can be 
implemented: (1) Model A which uses about 70% of available plot boundaries is suitable for S and M 
groups; and (2) Model B which should include around 95% of plot boundaries is to put into practice for L 
group. 
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Table 10. Models of Jatropha Curcas Plantation vs. Community Size. 
Group Model 
Required Number 
of Trees to Meet 
the Demand (tree) 
Abandoned 
Land 
(hectare) 
Rice Field 
Boundary 
(km) 
Rice Plot 
Boundary 
(km) 
Total Number 
of Trees To 
Plant  
(trees) 
S A 74,591 
4.53 hectare 
(100%) 
61 km 
(100%) 
148 km 
(69.73%) 74,591 trees 
5,043 trees 20,217  trees 49,332  trees 
M A 124,532 
4.90 hectare 
(100%) 
80 km 
(100%) 
278 km 
(68.30%) 124,532trees 
5,456 trees 26,583  trees 92,493  trees 
L B 218,232 
5.34 hectare 
(100%) 
104 km 
(100%) 
533 km 
(93.41%) 218,232 trees 
5,945 trees 34,550 trees 179,737 trees 
 
4. Conclusions and Recommendations 
4.1.1. Conclusions 
Rice farmers use diesel to operate machinery involved in the paddy cultivation processes, i.e. tillage, 
water management, transportation of products, and harvesting. In this study, it was found from the 
questionnaire survey that the harvesting which is generally outsourced is the process that consumes the 
most fuel. In addition, the consumption for the cultivation of the second crop is 25% higher than for the 
first one, while the rice yield of the second crop is also higher, about 40% increase compared to the first 
crop. 
The demand of diesel was approximately 58.63 liters/hectare/year or 25,046 liter/community/year for 
S group (ownership of 320 - 640 hectares paddy field), 56.31 liters/hectare/year or 41,814 
liter/community/year for M (ownership of 640.1 - 960 hectares paddy field), and 59.253 liters/hectare/year 
or 73,276 liters/community/year for L (ownership of 960.1 - 1,280 hectares paddy field). 
Using the ratio of calorific values of diesel and biodiesel, the demand of biodiesel by rice farmers are 
27,794 liter/community/year, 46,404 liter/community/year, and 81,319 liter/community/year for S, M and 
L groups, respectively. 
The average required number of  Jatropha Curcas trees to be cultivated using a non-management 
cultivation model in order to meet the demand are 54,021 - 99,849 trees/community, 90,060-160,118 
trees/community, and 163,634-349,394 trees/community for S, M and L groups, respectively. 
From the questionnaire interview results, the 3 types of available lands for Jatropha Curcas trees 
cultivation at the farm of the community are (1) abandoned land, (2) rice field boundary, and (3) rice plot 
boundary. In order to sufficiently meet the demand, each community should cultivate Jatropha Curcas 
trees in available lands with a spacing of 3 meter between consecutive trees. The cultivation models to be 
implemented are Model A using 100% of available abandoned lands and rice field boundaries with about 
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70% of available plot boundaries, and Model B using 100% of available abandoned lands and rice field 
boundaries with about 95% of available plot boundaries. Model A is suitable for supporting S and M 
groups, while Model B fits nearly the demand of L group. It should be noted that for this latter group, the 
available lands cannot sufficiently provide oil to meet the demand of the group. 
4.1.2. Recommendation 
x The quantity of diesel consumed by rice farmers for rice cultivation processes, especially the direct 
consumption related to tillage, water management and transportation of products can be substituted by 
biodiesel made from Jatropha Curcas oil obtained from trees cultivated directly by the farmers on 
available lands at the rice fields. This may reduce cost and expenses for rice farmers. 
x As the cultivation and conversion to biodiesel requires a certain investment, to make a project of 
biodiesel production from Jatropha Curcas cultivated directly at the rice fields by the rice farmers’ 
communities feasible, it should financially be supported by the government agency in charge of rice 
production. The financial assistance can be direct as well as indirect. A small incentive should be 
provided to the rice farmers in order to prepare the plantations. The government agency should also 
support in making available machinery and reactor to extract Jatropha Curcas oil from the seeds, and 
to convert into biodiesel. 
x To promote Jatropha Curcas cultivation to make feedstock for biodiesel production, involved 
government agencies should make effort in helping the farmers to raise the yield by supporting the 
development and implementation of intensive-care cultivation model. 
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